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Afferent Respiratory Pathways in the Avian Vagus

Afferent vagal pathways from stretch receptors in the
lungs are generally believed to modify the avian respiratory
cycle in the manner of the mammalian Hering-Breuer
reflexes!. On the other hand, it has also been argued that
the avian lung is ‘relatively non-expansive’ so that such
receptors could scarcely be activated?® In the absence of
direct experimental evidence of afferent nervous activity
in the avian vagus, this problem has hitherto remained
unresolved.

We have now recorded single unit discharges in the
peripheral stump of the mid-cervical vagus in 13 birds
(Gallus gallus domesticus) between 6 and 15 weeks of age,
held in the erect position under i.v. urethane anaesthesia.
The units were prepared and recorded by standard tech-
niques®. 88 units have been recorded which showed clear
and consistent activity in phase with some stages of the
eupnoeic respiratory eycle.

The respiratory cycle itself was recorded oscillographic-
ally via a pressure transducer, in the form of either intra-
tracheal pressure, or intrarectal pressure, or abdominal
volume changes recorded from a stethograph placed im-
mediately caudal to the sternum. These 3 techniques have
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cluded since these give the simplest picture of the in-
spiratory and expiratory stages of the cycle.

Some units fired during inspiration but stopped at the
peak of inspiration as in (A}, while a few fired throughout
the peak only. Units which appeared to fire during the
expiratory pause have been found occasionally (B), and
there seems to be another type which fires during expira-
tion {C). Several intermediate types have also been re-
corded, such as the unit in (D) which fired quite rapidly
during inspiration and continued at a slower rate during
the onset of expiration.

We believe these respiratory afferent discharges in the
vagus to be the first direct evidence in the bird of an
afferent neural activity capable of continuously informing
the central nervous system of the state of the respiratory
cycle. So far we seem to have found a greater variety of
afferent activity in phase with eupnoea than in mammals,
and this has made it difficult to compare our avian afferent
units with the mammalian respiratory afferents listed by
PAINTALA

Further work is in progress to characterize these avian
respiratory afferent units more precisely®.
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disclosed difficulties in identifying the exact timing of the
different stages of the avian respiratory cycle, perfect
precision being essential for accurate analysis of the vagal
respiratory units. In order to reduce errors from this
source, each of the last 50 of these units was recorded
alongside first the stethographic pressure and then the
rectal pressure. Examples of these units are shown in the
Figure, but only stethographic recordings have been in-
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In A, B, C and D the upper trace shows
eupnoeic breathing and the lower trace shows
a respiratory unit in the peripheral stump of
the right vagus of G. domesticus. Theleft vagus
was intact. In the upper trace inspiration is
upward, recorded by a pressure transducer
and abdominal stethograph. The unit in (A)
fired during inspiration but stopped at the
peak. The unit in (C) fired during expiration,
while that in (B) fired during the expiratory
pause. The unit in {D) fired quite rapidly
during inspiration and continued at a slower
rate during the onset of expiration.
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Résumé. Nous avons enregistré 88 afférences respira-
toires du nerf vague chez le poulet. Quelques unes se dé-
clenchaient au cours de l'inspiration eupnéique, d’autres
au cours de I'expiration. Jusqu’a présent, on a l’impression
qu’il existe plus de types d’activité afférente respiratoire
chez l'oiseau que chez le mammifére, mais de nouvelles
analyses seront nécessaires pour mieux les préciser. Nous
croyons que c’est ici la premiére preuve évidente de
Iexistence d’'un contréle afférent vagal de la respiration
chez l'oiseau.

Specialia

EXPERIENTIA 2410

A. S. King, V. MoLoNY,
J. McLELLAND, D. R. BOWSHER®
and M. F. MORTIMER

Department of Veterinary Anatomy, University of
Liverpool (England), 31 May 1968.

8 Department of Human Anatomy, University of Liverpool,
England.

An Electron Microscopy Study of Fat Uptake by Endothelial Cells of Doubly-Ligated Carotid Artery

Segments

Earlier light microscopic studies by FrRIEDMAN et al.l
demonstrated large accumulations of lipid in the form of
droplets within the endothelial cells of the doubly-ligated
rabbit carotid artery, into whose lumen had been injected
suspensions of rat thoracic lymph chylomicrons. We felt
that a similar study with this model system, in which fat
injections into the vessel lumen simulated hyperlipemia
while double-ligation induced hypoxia, but using the
electron microscope, might give additional information on
the question of lipid uptake and transport into and across
the endothelial lining of arteries under normal and hypoxic
conditions, a problem possibly related to the pathogenesis
of atherosclerosis.

The right external carotid artery of ether anaesthetized
rabbits was doubly-ligated and the lumen of the ligated
segment filled with a suspension of the artificial fat emul-
sion intralipid (209, Vitrum, Stockholm) using a fine
hypodermic needle. After 3 days animals were sacrificed
and the ligated segment removed and prepared for electron
microscopy.

No intimal thickening was observed 3 days following
double-ligation. The condition of the ligated segment’s
endothelial lining varied from experiment to experiment.
Some areas were necrotic and even denuded while others
were quite intact. The latter probably occurred around
areas in which deeper penetration of vasa vasorum into
the inner media of the occluded segment had commenced
enabling oxygen to diffuse to the lining. These intact areas
were investigated since we were mainly interested in the
effects of hyperlipemia and hypoxia rather than anoxia on
the arterial endothelia. As is illustrated in the micrograph,
the lumen is filled with the round, grey-toned intralipid
particles. Some are seen passing into a gap between the
endothelial cell illustrated and a necrotic neighbour on the
left. Striking is the high electron-density of the lipid
droplets found in all endothelial cells observed. Such
massive accumulation of intracellular lipid droplets was
not found in previous studies? nor in our controls. No
evidence for the mechanism of lipid uptake into the endo-
thelial cells could be found such as via pinocytotic vesicles,
although the intralipid spheres often formed smaller
particles when in contact with the endothelial surface.
They might then be more easily attacked by lipases and
transported into the cell interior in the form of smaller
metabolites. The increase in electron-density of the intra-
cellular droplets relative to the intralipid particles might
be due to a metabolic transformation of the intracellular
lipid to a more unsaturated and hence more electron-dense
(osmiophilic) form. This would appear more likely than a
preferential uptake of phospholipids, found on the surface
of the intralipid particles?® and functioning as an emulsifier
for the hydrophobic triglyceride core. The phospholipids
would probably form myelin figures intracellularly rather

than the dark diffuse droplets seen in these experiments.
Why the electron-dense rim of the intralipid particles is
seen in vitro® but not in vivo, as in this and other studies?,
remains unclear.

Electron micrograph: endothelial lining of the rabbit carotid artery
3 days following double ligation and intralipid injection. Note light
lipid droplets (1i) in lumen (L), and dark lipid droplets (x) in endo-
thelial cells (E).

Zusammenfassung. Die Endothelschicht von doppelt
unterbundenen Abschnitten der A. carotis des Kaninchens
wird 3 Tage nach der Unterbindung und Injektion von
Intralipid (kiinstliche Fett-Emulsion) in das Lumen elek-
tronenmikroskopisch untersucht. Die kiinstliche Hyper-
lipAmie zusammen mit Hypoxie erzeugte eine starke Auf-
nahme von Fett in Form von intrazelluldren Trépfchen,
die viel elektronendichter waren als die urspriinglichen
Intralipid-Partikel. Ein morphologischer Hinweis auf den
Mechanismus der Fettaufnahme wurde nicht gefunden.
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